Delocalization problem for a two-dimensional noninteracting electron system under a random magnetic field is studied. The Chem number is used to characterize the extended states in such a system, and by studying finite-size scaling of the density of extended states, an insulator-metal phase transition is revealed. The delocalization phase is found at the center of the energy band separated from the localized band tails by critical energies F, Both the localization exponent and the critical energy F, are shown to be dependent on the strength of the random magnetic field. A similar point of view also lies in the heart of the fieldtheory approach of Zhang and Arovas [9] . In this Letter, we shall use this topological property in our numerical approach. By studying the sample-size dependence of the density of extended states, which are states with nonzero Hall conductance, an insulator-metal phase transition will be revealed. The extended states are found near the center of the energy band, and the states at the band tail are all localized with both localization exponent and transition energy~E, depending on the random magnetic field strength.
localized in the absence of a magnetic field. The quantum Hall effect (QHE) system is a first example of 2D systems that show the existence of truly extended states [3, 4] . In this latter case, the presence of a magnetic field breaks the time-reversal symmetry and destroys constructive interference of the backward scattering [2] so that it is possible for electrons to propagate forwardly.
Recently, an intensive attention has been attracted to the delocalization problem in a 2D random-magnetic-field system. This problem is closely related to the half-filled QHE system [5, 6] as well as the gauge-field description [7, 8] of the high-T, superconductivity problem. However, despite a lot of numerical and theoretical efforts, the issue of delocalization still remains controversial. Analytically, Zhang and Arovas [9] have recently argued that the field-theory description, which corresponds to a nonlinear sigma model of the unitary class without a topological term due to zero average of magnetic field, should have a term representing a long-range logarithmic interaction of the topological density (due to the local magnetic field). This singular term may lead to a phase transition from a localized state to an extended one. But it is contradictory to the conclusion that all the states are localized, obtained by Aronov, Mirlin, and Wollle [10] in a similar approach. Earlier numerical works [11 -13] also have given conAicting results. Recently, with a larger sample size, Liu et al. [14] have found a scaling behavior of the localization length near the energy band tail, which can be extrapolated to give an insulator-metal transition energy F, Nevertheless, a metallic phase has not been directly confirmed since no scaling behavior has been found there. In the possible metallic region, an even larger sample size may be needed in order to distinguish whether the states are really extended or very weakly localized [11] with the localization length much longer than the sample size.
Thus it would be desirable to study this delocalization problem from an alternative numerical method that directly probes topological properties of a system with less finite-size effect. Thouless and co-workers [15] and others [16, 17] [15] ,one can use this topological quantity to characterize delocalized states.
A similar point of view also lies in the heart of the fieldtheory approach of Zhang and Arovas [9] . In this Letter, we shall use this topological property in our numerical approach. By studying the sample-size dependence of the density of extended states, which are states with nonzero Hall conductance, an insulator-metal phase transition will be revealed. The extended states are found near the center of the energy band, and the states at the band tail are all localized with both localization exponent and transition energy~E, depending on the random magnetic field strength.
We consider a tight-binding lattice model (2) 
where the closed path of the integral is along the boundary of a unit ce110~0), 02~277. oxy in (3) can be shown (m) [15, 16] is the so-called decay length and $1/L describes the extensiveness of the system) found in the metallic region of the 3D system and the 2D system with spin-orbit interaction (symplectic class) [19, 20] . In the present approach, the quantity p"t directly characterizes ex- [22] , which has been argued to be a better scaling parameter than conductivity for the discussion of low-dimensional Anderson-localization problem [22] . 
